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Description 

[00011 The invention relates to a detorrnable tube 5 
[0002] B is known from US patent specifications Nos. 
3,353,599 and 5,014.779 to insert a corrugated tube 
into the wedbore of an underground borehole and to 
expand the tube downhole into a tubular shape. 
[0003] US patent specification No. 5.366.012 db- to 
doses the expansion of a slotted pipe of which the stats 
open up as a result of the expansion so as to reduce the 
radial forces needed to expand the pipe. 
[0004] The use of Blotted or Initial/ corrugated pbes 
has the dsadvantage tut the expanded pipes have a >s 
limSed mechanical strength. 
[0005] Irrterrvitkxwlpati^arjpfc^o^ 
WO 98/00626 cSsdoses the expansion of on unstoOed 
cyfcidrical pipe by means ol an expansion mandrel. 
[0006] A disadvantage of tie latter expansion method » 
is that forces to expand the pipe are relatively high and 
mat tha pipe contracts as a result of the expansion proc- 
ess. 

[0007] tt is an or^ectdt)^ or esert invention to allevi- 
818 the ofcadvantages of the known techniques and to » 
provide a robust and deforrnaUa tube which can be 
expanded or otherwise deformed by using a relatively 
low deformation force. 

Surrmarv of the invention 30 

[0006] The detorrnable tube according to the invention 
thereto cornprises a wai which is at least partly formed 
by a number of tubules, wherein at least one tubule is at 
least partly deformed in response to deformation of the * 

tube. 

[0009] Tlie deformation may tnvorve flatten^ 
change of the tubular shape of tha tubules, which 
requires principally bending forces which are signifi- 
cantly lower than the tension forces that are required to to 
expand a tubular cylindrical ppe. 
[0010] It may be required to obtain a tube which can 
bo deformed easily in an axial or in a radial direction or 
in both directions. A radiaBy detorrnable tube is useful if 
the tube is for example to be used as an oi and/Or gas « 
production tubing which Is to be inserted into a relativery 
narrow and irregularly shaped undenjround weObora 
An axiaJry detorrnable tube is useful rf the tube is a pro- 
duction in ef or tubing, a well casingor other well tutxiar 
which is Installed In a compacting reservoir where there so 
is a risk of bucking of the wel tubulars as a result of the 
compaction process. 

[0011] H a raofafly detorrnable tube is required K is pre- 
ferred that the wall of the tube is at least partly formed 
by a series of axial tubules which each extend in a cSrec- « 
eon substantially parallel to a lorv>turSnal axis of the 
tube such that upon a racial deforrwrtton rjf tie tube the 
axial tubules are at least partly deformed. 
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[0012] H an anally detorrnable tube is required i k 
preferred fhatthewallofthetubeisaleast partly 
formed by t series of toroidal tubules which extend in a 
substantially circular direction around a longftudinal axfc 
of the tube such that upon axial deformation of the tube 
the toroidal tubules are at least partly flattened a other- 
wise deformed. 

[0013] If a tube is required which is both axia&y and 
radially detorrnable. h is preferred that the wal of the 
tube is at least partly formed by one or more helical 
tubules which extend in a substantially helical direction 
with respect to a longitudinal axis of the tube such that 
upon deformation of the tube in a ejection which is ori- 
ented at an angle relative to a tongiturJnal direction of 
each of tie helical tubules, at least one of the helical 
tubules is deformed. 

[0014] The tubules may be made of a metal, plastic 
rubber or other material and may be welded, brazed, 
bonded or otherwise secured to adjacent tubules or 
other parts of the wall of the tube. 
[0015] The tubules may before expansion have a 
folded, cylindrical eliptical or prismatic shape and may 
as a result of the expansion be unfolded orflattened into 
an elliptical, cylindrical or prismatic shape. 
[0016] Suitably, the tubules contain at the cuter 
periphery of the tube openings or weak spots which 
open up as a result of the deformation process such that 
one or more fluids are squeezed from the interior of the 
tubules into the space surrounding the tube. 
[001 7] In that case the fluids that are squeezed from 
the interior of the tubules may contain one or more 
cherricals, such as a chemical treatment fluid or com- 
ponents of a liquid cement slurry or components of a 
curing agent which components are only mixed when 
or tfter they have been squeezed out of the tubules. 

Briaf description of the dravrinos 

[0018] The invention will be described In rrcre detail 
and by way ol example with reference to the accompa- 
nying drawings, in which 

Fig. 1 is a cross-axial sectional view of a tube both 
before and after expansion, which tube has a wall 
that is made of a series oi axial tubules which are 
cylindrical before expansion and eliptical after 
expansion: 

Fig. 2 is a cross-axial 6ectional view of a ttoe both 
before and after expansion, which tube has a wail 
that cornprises a series of axial tubules which are 
prismatic before expansion and elliptical after 
expansion: 

Fig. 3 is a cross -axial sectional view of a tube both 
before and after expansion, which tube has a wall 
that is made of a series of axial tubules which are 
etSpbcal both before and after exransfon; 
Fig. 4 is a cross-axial sectional view of a tube 
before expansion where the wall of the tube com- 
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prises a series of axial tubules and Ore tube is 
folded into a substantially flat shape before it is 
unfolded and expanded; 

Fig. 5 is a longitudinal sectional view of a tube 
which comprises a wal that is made ol a series ot 
toroidal tubules: 

Rg. 6 is an enlarged dstai showing the cylindrical 
shape of three ol the toroidal tubules that are encir- 
cled in Fig. 5; 

r^.7tealorx^nalsec»iof«lviewolthetubeof « 
Fig. 5 after axial cornprossion of the tube: 
Fig. 8 is an enlarged detai showing the elliptical 
shape o» three of the toroidal tubules that are encir- 
cled In Fig 7; 

Fig. 9 is a cross-axial sectional view of a radially " 
expandable tube corrpri si ng six axial or heGeal 
tubules both before and after expansion of the tube; 
Fig. 10 Is a cross-axial sactJonal view of an unax- 
pandedtubeof which ihewaBcorrprises a series of 
toided tubule* which unfold into a cylindrical shape 
during the process of expanding the tube: 
Fig. 11 is a cross-axial sectional view of another 
unexpended tube conf'guraticn where the wafl com- 
prises a series of folded tubes which unfold into a 
cylindrical shape during the process of expanding 
the tube; and 

fig, 12 is a cross-axial sectional view of an unex- 
pended tube which totds open during the expansion 
process and which comprises a tubule which acts 
as a plastic hinge and which is Rattened as a result 
ot the expansion process. 

Derailed description of the invention 

10019] Referring now to Rg, 1 there is shown « tube 1 
in a cysndrical wefcore ot other cavity 2. wh>ch tube 1 
has a wan that is made up of a series of axial tubules 3 
which are suostarrfally ctf indrical before expansion of 
the tube 1 and elliptical after expansion of the tube 1 to 
an enlarged diameter, as illustrated by reference 
numeral 3B. 

[00201 The tube 1 can be expanded by an expansion 
mandrel (not shown) or by increasing the hydraulic 
pressure in tie interior 4 of the tube 1 . As a result of the 
expansion process the tubules 3 are subject to a bend- 
ing process so that relatively low forces are required. 
100211 If the tubules 3 are made of steel or another 
metal »ien it is preferred that the tubules 3 are sintered, 
welded or brazed together along the length of the areas 
5 where the tubules 3 touch each other 
[0022] If the tubules 3 have an impermeable wall and 
the tube 1 is used lemporarily in the cavity 2. lor exam- 
ple to provide a temporary seal, then the tube 1 can be 
radially contracted again by ourrptng a high pressure 
fluid into the interiors 6 of the tubules 3. which wrl 
induce the flattened tubJes 38 to resume their tubular 
shape, so that the tube 1 radial shrinks and can be eas- 
ily removed from the cavity 2. 



10023] If the tube 1 is to be used permanently in the 
cavity 2. for example if the tube 1 is to be used as a well 
casing, then at least some of the tubules 3 may be fled 
with liquid ccrrponents of a cement slurry or other cur- 
ing agent such as a silicone gel and the outer wall of 
these tubules may contain openings 7. or weak spots 
which are opened as a result of the expansion process, 
via which said eqUd components are sojjeezed Into the 
surrounding annular space 8 surrouncSng the expanded 
tube 1 and the liquid cornponents mix up »nd cure to a 
hardened cement si Scone or other cured sealing com- 
position. 

[0024] fig. 2 lustrates an afternabve embodiment of 
the defcrmable tube according to the Invention. This 
tube 9 is also radially deformaUe and rjornprisos a 
series of tubules 10 which are prismatic before expan- 
sion and effipCcal after expansion, as ■ustrated by refer- 
ence numeral 10B. 

[0025] The tubules 10 are arranged substantially per- 
aM to the longitudinal axis 1 1 at the centre of the tube 
9. The tubules 10 are made of steel or another metal 
and are connectad to each other by longrtudkial welded, 
brazed or sintered bonds 1 1 . 
[0026] Fig. 3 shows yet another errtoodrment of the 
deforrnable tube according to the invention, In which the 
tube 1 2 is radially deformatfe and rxjmprisesaseriesof 
tubules 1 3 wtaeh are elliptical before anl which have an 
efliptieal. almost flattened shape after radial expansion 
of the tube 12. 

[00271 In ihiserr*)orJmertt the tubules 13 deform from 
a first elliptical shape, illustrated by reference numeral 
13A In which the largest width of the elliptical tubules 
13A has a radial orientation into a second elliptical 
shape, illustrated by reference rwmeraJ13B« which the 
largest width of the eBiptical tubulea 13A has a tangen- 
tial orientation. 

(9028] Referring now to fig. 4 there is shown a 
deforrnable tube 14 which comprises a series ol axial 
tubules 15. wherein two pairs of tubules at opposite 
40 sides of the tube 14 are interconnected by plastic 
hinges 16. These plastic hinges 16 alow the tube 14 to 
be stored and transported in a flattened shape e g 
around a reefing drum (not shown) 
[0029] When the tube 14 is then unreeled from the 
«5 reeing drum it can be brought into a cylindrical shape 
by a guide tunnel (not shown). I the tube 14 Is to be 
used inside a wei or inside another tubular the cyBndri- 
cal tube 1 4 is then reel ed into the wefbore or the Werior 
of the other tubular and expanded for example by pump- 
so ing a high pressure ffuid into the Interior 17 ot the tube 

[0030] The initially flattened tube confirjuratxxi shown 
in Fig. 4 allows an easy storage and trarisport of the 
tube 14, eg. on a small diameter reeling drum, during 
ss the manufacturing stage and during transport from the 
marxitacturing site to the site where the tube 14 is to be 
used. 

[0031 ] Figures 5. 6, 7 and 8 show yet another ernbod- 
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fkix of treatment fluid wil be squeezed into the various 
surrounding formation layers so that the risk of injection 



[0032] The tube 19 shown in Rg. 5 can be a produc- bypassing of less permeable layers is mo- 
tion liner in a compacting oil or gas bearing formation, s rriied. 

where as shown in detail in Fig. 6 the toroidal tubules [0041) H the tube 20 is used as a treatment fluid injec- 

18ArweasubGtartiallycytinctolsriapalnthecorf^ ten tool then the outer walls of the tubules 23-28 may 

uration shown in Rg, 7 the tube 19 has axially con- be made of a permeable rubber and/or a fabric and tie 

tract ed so that its length is 18% snorter than its original inner walls of the tubules 23-28 which face the intenor 

length shown in Fig, 5 '» 30oltheti^30nwyberr^ofanirrperme^erut)- 

[00331 As a result of the axid contraction the tube ber. After injection of the treatment fluids the pressure In 

19 the tubules 188 shown in Rg. 7 have been deformed the interior 30 of the tube 20 may be reducedso that the 

into an elpteal shape, as is shown in more detail in Fig. tube 20 redely ccritra^ and can tjerernovedrran^ 

8 borehole. 

[0034] Referring now to Rg. 0 there is shown a tube « [00421 Instead of Blowing the tube 20 to contract after 



„ r may be allowed to harden In the expanded postScn 

[0035] The tube 20 has a wall that comprises six against the weflbore 21 by irnpregnatJng the fabric or 

tubules 23. 24, 25. 26, 27 and 28 which extend ti an other material with a slowly curing epoxy or other plastic 

axial or helical ccrfguraton reiotiv* to the longitudinal r> conpositen. so that the sotioTied tube 20 then serves 

axis 29 of the tube 20 as a well Oner. 

[0036] Adjacent tubules 23. 2«. 25. 26. 27 and 28 are [00431 The tube 20 and the tube cortigurabons shown 

interconnected along *eir length by elongate welds 32. inRgs. 1-4 mayalsohave walls that are made of a sieve 

Plsstx: hinges 22 are located In the walls of the tubules material m thai case the tube may be expanded by en 

23-28 at both sides of each weld 32. » expansion cone or by a balloon that is inflated in the 

[00371 The unexpended tube 20 is shown al the cen- interior of the tube. 

tre of the drawing. The six unexpended tubules 23-28 [00441 Since the sieve material that then forms the 
ea*havemelormrtapiesea«andcr^arnlnrjrgap walls of tubules is mainly bent and not or hardly 
30 Is present between adjacent tubules 23-28. To stretched the sieve opening size will remain fairly con- 
expand the tube 20 a pressurized fluid is pumped nto « stant during the expansion process. The expandedtube 
the gaps 30 which win induce thetube 20 to expand until of sieve material then serves as a liter that prevents 
the walls of the tubules 23-28 are stretched and/or the sand and other solid materials to enter the weffcore 21 
outer walls of the tubutes 238-28B are pressed eoainst [00451 The radiaSy expandable tube 20 and the other 
the welbore21 radially expandable tube cxxifiguratorts (hewn n Figs. 
[00381 The vdurx««ic«rt tube cortfiguraten shown » i-»may also be made oftubules 23-28 which are made 
in Fkj 9 is attractive » the tube 20 Is to be tosarted hto of a fWd impermeable material, such as steel which 
th. wefbore 21 via a narrow sxwss. such at a small cWydetormsif the pressure in the interior 30 of the tube 
diameter production tutwvj. Furthermore trie internal exceeds a pro-set level, ki that case the tube may be 
volume of the unexpended tubules 23-28 is relatively installed as a production tubing which serves as a 
large whereas the internal volume of the expanded « downhote blow-out preventer which expands and seals 
tubules 23B-28B is relatively small so that H the walls at of the anraius surrounding the production tubing it a 
the outer circumference of the tubules 23-28 a.e penV blow-out occurs. The radially expandable tube configu- 
rated or become during expansion otherwise fluid per- ration shown in Rg. 9 can also be used as a dnB string, 
meable a relatively large volume ot fluids is squeezed In that case drilling mud fe pumped through the interior 
from the interior of the tubules 23-28 into the surround- « of the tubules 23A-28A during drilling. At the end of a 
lnga/*iutusandtor formation. drilling cyde high pressure fUdte h|ected tntothelrite- 
[00391 m this way a refatjvery large volume of a sealing rior 30 of the tube 20 so that the tube 20 la expanded 
agent and/or treatment fluid can be nected into the against the borehole wall 21 and lorms a Sning rfthe 
annulue rairrounding the tube 20 and/or the formation weflbore and the drill bit and downhcJe motor assembly 
31sumxjndlrigthewe»ore21. » <s puDed to the surface by a wireline or colled tubing 
[0040] The externally permeable tube 20 is very suit- passing through the intenor 30 of the tube 20 and also 
able to inject treatment fluids into an underground tor- serves as an expansion cone. 

maten 31 wtich compnses along trie leojtM of the [0046) H only minor expansion of the tube i» requred 

weSxxa 21 layers of varying permeablrry tithe outer then the wall of the tube may be provided with only one 

waJte of the tubufee 23-28 have a sigrtftainty tower fluid fts or a few axial or helical tubules. 

SmS^T*. sunouvdk?oSn 27, then, [0047, ^ewa^o^tube^c^her^alfy 

as soon as the outer wail of the tdbules 22B-26B is expandable ccrfigurattons are made of a rubber or 

pressed against the wellbore 21 . a relatively constant other elasteally defer mable material then the expanded 
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tube may serve as a ftgh expansion packer or bridge formed an axiaf tubule 61 and at its war ode a set 

plug of lour plastic tinges 62 that are termed by rmchining 

(0048] Itwi. be understood that H the tubules are on- «wU orocves in the outer or inner surface ot the wall of 

r^edhanajualdVer^ararialrydefcxiT^etubewa thetube60. 

be obtained. H the tubules are oriented in a circumteren- 5 [0061] The four plastic hinges 62 deline a delta- 

tial direction as shown In figs. 5-6 then an axially shaped recess 63 at the upperskJeot the tube 60. when 

detormable tube wffl be obtained. the tube bin its folded shape. 

(0049] If the tubules are oriented in a helical direction [0062] The lube 60 is unfolded by pumping a pressu- 

the tube will be detormable both in axral and radial died Huid into the interior 64 of me tube 60. This causes 

fractions and the pitch angle of the hefcal corrfigura- ■« the tube to unfold In the direction of the arrows into the 

Hon of the tubules wil then Influence the degree In cylindrical shape which b Illustrated by the broken ines 

wHchthetU»saxiaJtyorrrjdialrydetormabla 60A The tubule 61 then acts as a plastic hinge and 

[0050] Ra10showsacoi*rpjrafionwhereatube40 obtains as a result of the unfolding of the tube 60 the 

conprisesBwaJIfhatconsiBteofaseriw^ eWptical shape which te Blustratad by brokenines 61A. 

u [0063] The tubule 61 is m---' " 



[0051] If the tubules 41 are made of steel then they able material, such as a lormable higrvsfrength tow- 
are interconnected side by side along their length by aloy or dual phase steel grade, which also provides 
axial welds 42. Each tubule 41 cornprises at tie outer HexttHty to tie tube 61 *i drtximfarential drecton dur- 
circumferance of the lube 40 a single plastic hinge 43 irg the unfolding procedure. After tie unfolding proce- 
arxl « too finer drcumference of the tube 40 a set of » dure a curing agent may be pumped mto the «rtenor65 
tour plastic hinges 44, 45, 46 and 47. Each of these of the elliptical tubule 61 A to reinforce the tubule 61A 
plastic hinges 43-17 b formed by machining an axial TheWerior 65 of the tubule 61 rroy cornrxbe elecfrical 
groove in the inner and/c<cvter surface of the wall of the and/or hydraufc conduits for transmission of eteetnc 
tubule4i. and/or hydrautic power and/or signals along the length 
[0052] The set of tour plastic hinges 44-47 defines a » of the tuba 

wall segment where the tubules 41 can be folded [0064] The embodiments of the detormable tube 
inwardly to form a U- or derta- shaped recess 48 that shown in the drawings provide a tube which can be 
faces the interior 49 of the tube 40. deformed easily and which can be reeled on a reefing 
[0053] Thetube40bexpar«lrjdbypurttoingapressu- drum. The tube can be unreeled from the drum and 
riied fluid into the interiors 50 ot the tubules 41 whch jo injected into an underground borehole or other cavtty in 
causes the tubules to unfold by hinging about the plastc which the tube b to be used. The tube rs subsequently 
hinges 43-47 so thai the tubules *l each obtain a cylin- deformed inside the borehole or other cavity by chang- 
drical shape (not shown). ing the tubular shape of one or more tubules in the wall 
[0054] Asaresutt<rftheuntoldtogofthetubules41 the of the tube. The deformation may rwotve flattering, 
tube 40 obtains a larger external and internal dimeter. » urtoUngrx other deformation of the tub^^ 
(0065] Fig. 11 shows another tube 51 which com- 
prises a wall thai consists of a series of axial foldabie Claims 
tubules 52. 

[0056] If the tubules 52 are made of steel then they 1. A detormable tube having a wall which b at least 

are interconnected side by side along their length by <o partly formed by a number of tubules, wherein at 

axial watts 53. Each tubule 52 comprises both at the least one tubule b at least partly deformed m 

outer and the inner drcumference of the tube 51 asetof response to deformation of the tube, 
four plastic hinges 54 that are formed by machining 

axial grooves in the inner and/or outer surface of the 2. The detormable tubeof claim 1. wherein the wal of 

wall of each tubule 52. « the tube bMleasl partly tomad by a series of axial 

[0057] set cy lour plastfohrnges 54 defines a wal tUxies which eacti extend h . drecbon substarv 

segmem where the tubules 52 can be loWed Inwardly to tally parallel to a longibjcfinal axte of the tube such 

farm a U- or delta-shaped recess 55 that faces either that upon a radial deformation of the tube the axial 

the exterior 56 or the interior 57 of Ihe tube 51. tubules are at least partly deformed. 

[0058] Thetube51 b expartoed by puinping a pressu- so 

rized fluid into the interiors 58 of the tubute6 51 which 3. The detormable tube of daim 1 . wherein the wal of 

causes trie tubules 52 to unfold by hinging about the the tube bat least partly formed by a senes of toro.- 

ptastic hinges 54 so that the tubules each obtain a cylin- da) tubules which extend in a substanbaly circular 

drical shape (not shown). direction around a longitudinal axis of the tube such 

[0059] As a result of the unfolding of the tubules the ss tiat upon axiaJ deformation of the tube the toroidal 

tube 51 obtains a larger external and internal diameter. tubules are at least partly deformed. 
[0060] Fig. 12 shows a foldabie tube 60 which com- 



prises at its lower side a single plastic hinge that b 



. The detormable tube of claim 1, wherein the wafl of 
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the tube is at least party formed by one or more 
helical tubules which extend in a substantially heli- 
cal direction with respect to a longitudinal axis or 
the tube such trot upon dstormation of the tube In a 
direction which is oriented at an angie relative to a 
longitudinal direction of each of the helical tubules, 
at least one ot the helical tubules Is at least partly 



5. The detorrnabietubeof daim 1. wherein the wan of 
the tube is el least partly formed by a number or 
substantially parallel tubules which are arranged 
side by 6ide and are connected to each other. 

$. The defor matte tube of daim 5, wherein the 
tubules am made of metal and the sides of a pair of 
acgacent lubUee substantlalry touch each other and 
are sintered, weUad. spot welded, brareri. bonded, 
or otherwise secured to each other. 

7. The 



8. The deformable tube ot daim 1. wherein before 
deformation of the tube the tubules have a substan- 
tialy cylindrical shape and deform into a substan- 
tjaly ellpb'cal or flattened shape in response to 
deformation of the tube. 

9. The deformable tube of daim 1. wherein before 
deformation of the tube the tubules have a substan- 



tialy flattened shape In response to deformation of 



10. The deformable tube of daim 1. wherein the 
tubules contain at the outer periphery of the tube • 
openinos or weak spots which opan up as a result 

of the deformation process such that one or more 
fluids are squeezed from the interior of the tubules 
into the space surrounding the tube. 

11. Tnedeforrmbletubeot claim 10, wherein the fluids 
that are squeezed from the Interior of the tubules 



nerrts of a liquid cement slurry, compare. *; of a 
curing agent or a chemical treatment fluid. 
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Fig.9. 
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Fig.10. 
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